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程中，TGFβ 信号通路相关分子，尤其是 TGFβI 型受体 ALK5 在眼表组织的表达，
探讨 TGFβ 信号通路在角膜缘干细胞缺乏中可能的作用，为揭示角膜缘干细胞缺
乏的发病机制提供依据。 
方法  SD 大鼠随机分为对照组和实验组两个大组，每个大组再按出生天数分为
P1、P5、P10、P15、P30 和成年六组，每组 15 只。对照组为出生后各发育阶段




伊红染色（hematoxylin-eosin staining）和 PAS 染色（Periodic Acid-Schiff staining）
等实验方法，检测细胞角蛋白、TGFβ 信号通路相关分子在大鼠眼表组织发育各
时间点的表达，以免疫组织化学(immunohistochemistry)染色检测增殖细胞核抗原
（PCNA）、ALK5 在眼表组织的表达及炎症细胞的浸润。并以 ALK5 选择性抑制
剂 SB431542 初生大鼠结膜囊注射和人正常角膜、翼状胬肉组织 TGFβ 信号通路


















角蛋白 CK12 高表达，CK13 低表达，角膜 PAS 染色阴性，角膜上皮基底层 PCNA
染色阳性，使用 SHEM 培养基培养角膜上皮细胞贴壁生长良好；FEOB 大鼠随角
膜发育可观察到角膜透明性降低，新生血管生长，角膜上皮细胞病理性增生、细
胞排列紊乱伴随角膜基质 PMN、ED-1 染色阳性的炎症细胞浸润，细胞角蛋白
CK12 低表达，CK13 高表达，角膜 PAS 染色阳性，角膜上皮基底层 PCNA 阳性
细胞数显著下降，上皮细胞体外培养不能贴壁生长，符合 LSCD 诊断标准。正常
大鼠角膜的蛋白和 mRNA 中均能检测到 TGFβ 信号通路相关蛋白的表达，ALK5
表达于角膜上皮基底层；FEOB 处理组大鼠角膜除 ACVRL1（另一种 TGFβRⅠ，
ALK1）有所增高外其余 TGFβ 相关蛋白的表达均显著降低，ALK5 在角膜上皮




结论 FEOB 可成功诱导大鼠角膜缘干细胞缺乏动物模型，这种病理改变是 TGF
β通过与 ALK1 而非 ALK5 结合，激活相应的下游信号通路，使角膜缘干细胞
不能向正常角膜上皮，而是向结膜上皮细胞方向分化实现的；同时，这种分子机






















Background limbal stem cell deficiency (LSCD) can cause corneal 
conjunctivalization and neovascularization, reduce corneal transparency, affect vision, 
and eventually lead to blindness.A variety of pathogenic factors can cause LSCD 
formation, but the mechanism of LSCD formation is still unclear. Besides, the 
existing LSCD animal models can not satisfy the needs of clinical and scientific 
research. With the development of molecular biology, people increasingly in-depth 
understanding of the pathogenesis of LSCD, the role of transforming growth factor- 
beta（TGFβ）on the mechanism of LSCD also has been received attention. TGFβ can 
regulate various types of cell transformation, promote or inhibit the expression of a 
variety of target genes, but so far, the TGFβ involved in LSCD mechanism and its 
effect on corneal epithelial stem cell proliferation, differentiation and its expression 
pattern in corneal physiological and pathological condition is also not clear. 
ObjectiveStudying the expression changes of TGFβ along with the development 
process in the rat corneal LSCD model, and investigate ALK5 ( one kind of TGFβRⅠ) 
location of cell types in order to explore its possible role in corneal LSCD 
development, providing the basis for revealing mechanism for the formation of 
corneal LSCD. 
MethodThe SD rats are randomly divided into control main group and FEOB main 
group, each group can be future divided into eight groups depending on the postnatal 
day (P1, P3, P5, P7, P10, P15, P30 and adult) and containing of 15 rats. Control group 
without any treatment, the experimental group are treated with forcing- 
eye-open-at-birth (FEOB) to induce the formation of corneal LSCD. Each 
groupobserve the ocular surface appearance, and take the corneal tissue for extraction 
of RNA, proteins, and fixed embedding slice, by real-time fluorescent quantitative 
reverse transcription - polymerase chain reaction (Real-time RT-PCR), protein 
















staining experiment method, testing the expression of cytokeratin and TGFβ family 
members in rat cornea after treatment of point in time, and by immunohistochemistry 
to detect the cellular localization of ALK5 and PCNA, PMN and ED-1 expression 
also detected by immunohistochemistry to evaluate inflammatory cell infiltration. 
Conjunctival sac injection of ALK5 specific inhibitor SB431542 and the expression of 
TGFβ family members of human normal cornea or pterygium are used to furtuer 
investigate the effect of TGFβ/ Alk5 signaling on proliferation and differentiation of 
limbal epithelial stem cells.  
Results The corneal of control group are transparency without blood vessels, the layer 
of corneal epithelial cellsarranged in neat rows, with CK12 high expression, CK10 
and CK13 low expression, and corneal PAS staining negative whlie PCNA staining 
positive in corneal epithelium basal layer, the corneal epithelial cells could be 
cultivated in vitro.Inflammatory reaction can be observed in FEOB groups with 
corneal development, the transparency of cornea is reduced, the new blood vessels 
gradually increase and growth, corneal epithelium cells arrangement of pathologic 
hyperplasia, with CK12 expression decreased along with K13 high expression, 
corneal PAS staining positive while PCNA positive cells in corneal epithelium base 
layers significant reduced, in vitro culture of epithelial cells can not growth.in SHEM 
media.In the cornea of the normal rats, the protein and mRNA can detect TGFβ 
expression, and TGFβRⅠexpress in basal corneal epithelial cell layer.In the rat 
cornea after FEOB treatment, mRNA and protein expression decreased in most of the 
TGFβ family members except ALK1, the expression of ALK5 in corneal epithelium 
base layer also significantly decreased. Conjunctival sac injection of SB431542 can 
successfully induce LSCD with corneal haze, corneal angiogenesis and high 
expression of CK13. TGFβ expression profile of human cornea and pterygium similar 
to animal model, ALK5 also present in a high concentration in normal cornea 
epithelial basal layer. 
Conclusion FEOB in rats can successfully induce LSCD. TGFβbinding to its receptor 
ALK1 rather than ALK5 to active downstream signaling pathways, and induce the 
















corneal epithelium cells. This kind of molecule mechanism can also be confirmed by 
the appearance that ALK5 inhibitor can also induce rat LSCD and the weak 
expression of ALK5 in pterygium. 
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卫生组织 2012 年的数据显示，全世界有估计 3 千 900 万盲人，其中由角膜混浊
相关疾病引起的视力丧失大概占其中的 4%[1]。很多疾病都可造成角膜缘干细胞
的功能障碍或细胞缺失，由此引发的病理改变称为角膜缘干细胞缺乏（limbal 












































Davanger 和 Evensen 通过比较角膜上皮和角膜缘上皮结构和迁移的相关性，提




（Z）[9]。角膜缘干细胞存在的生化证据最早来自 1986 年 Schermer 的报道，他
指出角膜缘基底层上皮细胞不表达角膜上皮分化的标记物 K3/K12[10]，其结果被
Kurpakus 等进一步证实（1990）[11]。1987 年 Ebato 等报道在体外培养条件下，
角膜缘上皮细胞比周边角膜和中央角膜细胞具有更强的增殖能力[12]。1989 年
Cotsarelis 报道角膜缘上皮基底层细胞为标记滞留细胞（label-retaining cells, 






色素细胞，可以保护干细胞 DNA 免受紫外线损害[15]。 






























p63 和 ABCG2 是现有阳性标记物中特性性最高的，除此之外的阳性标记物还有
integrinβ1、integrinα6、integrinβ9、EGFR、K19、enolaseα和 CD71 等；与此
相对应，CK3 是特异性最高的分化标记物，其它分化标记物还有 connexin43、
E-cadherin、nestin 和 involucrin 等[20]。 
p63 是一种在上皮形态发生中起重要作用的转录因子[21]，早在 2001 年






ATP 结合盒家族成员 ABCG2 是另一种被广泛接受的角膜缘干细胞标记物，同



















形成率[27]。2005 年 Krishnamurthy 和 Schuetz 报道 ABCG2 可通过排出有毒的代谢
产物维持低氧状态下的细胞存活[28]。与 p63 类似，ABCG2 作为角膜缘干细胞特
异性标记物也受到很多学者的质疑[29]。 





















































进行免疫组织化学染色（如 PAS 染色）或 RT-PCR 检测（如 MUN5AC），只要能找
到杯状细胞存在的证据即可确诊角膜缘干细胞缺乏。CK19 同样被广泛用于检测
角膜上结膜上皮细胞存在的证据，但其特异性值得怀疑[20, 34]。更加特异性的结





1789 年法国眼科医生 Guillaume 在世界上第一次尝试替换不透明的角膜组
织，1906 年 Zirm 实现了首例穿透性角膜移植术[39]。随着组织工程和干细胞移植
技术的进步，眼科疾病的治疗得到长足的发展。角膜缘干细胞完全缺乏的病人往
往需要角膜缘干细胞移植，因为在干细胞缺乏的情况下，传统的角膜移植并不能
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